SUMMARY A range of volumetric and neurochemical analyses were carried out on the brains of 14 "moderate" drinkers. These data were compared with previous studies from controls and alcoholics. Volumetric measurements consistently suggest a loss of cerebral tissue although the differences were not statistically significant. Changes in the lipid and water content of the white matter were noted and the significance of these changes in relation to the pathogenesis of reversible brain shrinkage caused by alcohol abuse is discussed.
house serve of alcohol that is, half a pint (284 ml) of beer, 4fl oz (110ml) wine, I fl oz (28 ml) spirits. 10) Categorisation of individual cases was based on a compilation of clinical and pathological data. These data included clinical notes from the teaching hospitals as a result of previous admissions, detailed questionnaires on the alcohol intake provided by the relatives of the subjects and a complete necropsy with microscopic examination of tissues including the liver and brain. Our definition of the moderate drinking group (20- Is there a safe level ofdaily consumption ofalcohol for men and women?" from the Australian National Health and Medical Research Council, the authors recommend that a safe daily intake is 40 grams for men and 20 grams for women. ' 3 From a pathological point of view it is an extremely difficult group to categorise on the basis of the retrospective collection of data on drinking habits. Thus it was necessary to utilise a wider range of alcohol intake (30-80g/day) than is generally quoted in clinical papers. Patients with a history or pathological evidence of a neurological disease, other than those associated with alcoholism, were excluded as were any patients with evidence of head injury. All the cases in these studies were male. Data on female cases have been collected but there is an inadequate number of cases for statistical analyses. Separation of data on a sex basis is important as there is evidence from human studies and animal models of alcohol toxicity that males and females may be affected differently.2 14 The procedures and techniques utilised in determining the various parameters have been described in previous papers relating to changes in the alcoholic groups.9 1 -20 Samples from the frontal, parietal and occipital white matter of the right hemisphere were used for the various neurochemical assays. The water content was determined by weighing the tissue before and after drying to a constant weight.2' The dried residue was acid digested and the sodium and potassium concentration determined by flame photometry. 22 In order to localise the tissue loss to specific regions of the brain, morphometric quantitation of the volumes of cerebral cortex, white matter and basal ganglia were carried out. These are shown in table 3. As might be anticipated there is no significant loss of tissue from any of the regions in the moderate group but the trend appears to follow the alcoholic groups in which it has been previously shown that the loss of tissue is largely from the white matter.7
To pursue the finding of a reduction in the volume of the white matter, blocks were taken from the fresh hemisphere for neurochemical evaluation. Water, lipid and protein content, specific gravity and electrolyte concentration were determined in each case. The mean results for each group of cases are shown in tables 4 and 5. Changes are relatively small in the moderate group but the point of interest is that the water and lipid profiles appear to move in the opposite direction to those of the alcoholic groups (table 6). The figure demonstrates, graphically, the changes in water and lipid content with increasing alcohol intake. The significance values for these results are listed in table 4 . It should be noted that we have studied only a relatively small number of "moderate" cases and these preliminary results must be followed up by a larger study in order to confirm or refute these findings. 
Discussion
Brain shrinkage, reduced white matter volume, loss of neurons in the frontal lobes and cerebellar vermis have been previously documented in the alcoholic groups.7 9 20 The interest in this study was to try to identify changes in the brains of a group of cases who could be defined as moderate or perhaps even "social" drinkers. A previous CT study of "social" drinkers has shown a high proportion to have significant brain shrinkage. 4 The results of these studies could be said to be inconclusive because most of the changes are not statistically significant. However, there is a consistent trend in that all volumes and weights suggest a loss of cerebral tissue. Moreover in the context of the brain shrinkage measurements which are already well documented in alcoholics7 20 and the fact that there appears to be a pattern of severity of changes within the alcoholic groups (those with cirrhosis or WE) ( Few other studies of the effects of chronic alcohol abuse on the structural lipids in the human brain have been carried out. Lesch and his colleagues30 studied eight cases with hepatocerebral degeneration; six of these cases were alcoholics. They showed a significant loss of phospholipids and cholesterol in the myelin rich areas of the brain. In relatively acute alcohol toxicity animal models it has been shown that the content of one of the membrane lipids, cholesterol, is increased.3' Many clinical' and neuroradiological3 studies have shown that clinical deficits and brain shrinkage are reversible in a proportion of alcoholics following a prolonged period (months) of abstinence from alcohol. These improvements are more evident in the younger patients with shorter drinking histories. There is to date, no proven pathological explanation for this reversible brain damage. However, it can be stated categorically that neuronal loss is not reversible. Therefore we must look elsewhere for an explanation. In view of our findings of changes in the white matter in the alcoholic groups and in the knowledge that there is a constant turnover of myelin and that remyelination can occur to a limited extent in the CNS, further studies of myelin structure and metabolism should be carried out. There may well prove to be two different pathological changes in the white matter as a result of alcohol abuse: an irreversible component due to neuronal death and subsequent Wallerian degeneration, and a reversible component which may relate to subtle structural changes which can not be identified by normal subjective histological examination of human material. The basic cause of the damage has also to be elucidated as those cases with the most severe brain shrinkage usually have additional disorders such as WE and/or cirrhosis of the liver. These may well play an important part in the degenerative processes although the presence of abnormalities in the "alcoholic" group who had neither WE nor cirrhosis, suggests that the alcohol per se probably plays a significant role. Animal models of alcohol toxicity and thiamine deficiency in various combinations may prove useful in clarifying some of these issues.
Conclusions
The results of the volumetric studies of the moderate group could be said to be inconclusive because most of the changes are not significantly different from controls. However, in the context of the brain shrinkage measurements already documented in alcoholics and
